
O R I G I N A L  R E S E A R C H

Genetic Diversity and Characteristics of Drug 
Resistance Among Treatment-Naive People Living 
with HIV in Xi’an, China
Huan Xia1,2,*, Juan Jin3,*, Huanhuan Ba3, Yuan Zhang3, Jiajia Li3, Rui Guo3, Ying Li3, Ping Ma1,2, 
Yan Zhang3

1Department of Infectious Diseases, Tianjin Second People’s Hospital, Tianjin, 300192, People’s Republic of China; 2Tianjin Association of STD/AIDS 
Prevention and Control, Tianjin, 300011, People’s Republic of China; 3Department of Infectious Diseases, Xi’an Eighth’s Hospital, Xi’an, Shaanxi, 
710061, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Yan Zhang, Xi’an Eighth’s Hospital, 2 Zhangba East Road, Yanta District, Xi’an, Shaanxi, 710061, People’s Republic of China, 
Tel/Fax +86-29-85393973, Email 1522649620@qq.com; Ping Ma, Tianjin Second People’s Hospital, 7 Sudi South Road, Nankai District, Tianjin, 
Tianjin, 300192, People’s Republic of China, Tel/Fax +86-22-27468129, Email mapingtianjin@163.com

Purpose: The genetic diversity and genetic predisposition for drug resistance mutations are the primary features of human 
immunodeficiency virus type 1 (HIV-1), which could cause the incidence of failure of antiretroviral therapy (ART). This study 
investigates the distribution of various HIV-1 genotypes and the incidence of pretreatment drug resistance (PDR) in the antiretroviral- 
naive HIV-1 infected participants in Xi’an, China.
Patients and Methods: In this study, a cross-sectional analysis was carried out at the Xi’an Eighth Hospital between January 2020 
and December 2021 among newly-diagnosed ART-naive HIV-1 infected participants. A nested PCR technique was used for amplifying 
the target segment of 1.3 kb present in the pol gene that spanned the reverse transcriptase and the protease regions. HIV-1 genotypes 
and the PDR-associated mutations were identified using the Stanford HIV Drug Resistance Database.
Results: A total of 317 pol gene sequences were retrieved, amplified, and sequenced. The circulating recombinant form (CRF), 
CRF07_BC (51.7%) was seen to be the most prevalent HIV-1 genotype, followed by other genotypes like CRF01_AE (25.9%), 
B (14.2%), and CRF55_01B (4.7%). PDR was found in 18.3% of the population. The PDR mutation frequency in the non-nucleoside 
reverse transcriptase inhibitor (NNRTI) (16.1%) was significantly higher compared to that of the nucleoside reverse transcriptase 
inhibitor (NRTI) (4.4%) and the protease inhibitor (0.9%). V179D/E (both were 4.4%) was seen to be the most predominant type of 
NNRTI mutation. K65R and M184V (1.3%) were the most frequent NRTI-associated mutations. About half (48.3%) of the sequenced 
HIV-1 strains that had mutations could show a potential low-level NNRTI resistance owing to V179D/E. Multivariate regression 
analysis revealed one PDR mutation associated with subtype CRF01_AE (p=0.002) and CRF55_01B (p<0.001) as a higher risk 
mutation.
Conclusion: Diverse and complex HIV-1 genotypes are distributed in Xi’an, China. Considering new evidence, it is necessary to 
screen for baseline HIV-1 drug resistance among the newly-diagnosed HIV-1 individuals.
Keywords: human immunodeficiency virus, drug resistance, pre-treatment, China

Introduction
The human immunodeficiency virus (HIV) has infected ≈37.7 million individuals across the globe and are living with the 
virus, thereby making HIV a severe public health hazard.1 By the end of 2021, the number of people living with HIV 
(PLWH) in China had risen to 1.05 million, presenting a substantial challenge to the country’s HIV control efforts. 
Access to antiretroviral therapy (ART) has considerably improved since 2003 after China’s National Free Antiretroviral 
Therapy Program was established, significantly reducing HIV-related morbidity and mortality.2,3 However, the extensive 
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use of ART, the high genetic diversity of HIV, and the selection pressure exerted by ART drugs have resulted in the 
spread of drug-resistant variants of the virus, thereby reducing the treatment efficiency. The long-term success of ART is 
jeopardized due to drug resistance. It lowers the viral suppression rates, decreases antiretroviral medication durability and 
efficiency, increases the chances of new infections, acquired immunodeficiency syndrome (AIDS)-related mortality, and 
treatment expenses.4,5 The World Health Organization (WHO) devised a novel Global Action Plan on HIV drug 
resistance. This plan aims to understand the incidence of pretreatment drug resistance (PDR) in the PLWH, who were 
never exposed previously to antiretroviral drugs and acquired drug resistance in PLWH on ART should be assessed.6 

However, the economic conditions do not permit China to perform routine pretreatment HIV drug resistance genotype 
testing for ART-naive individuals. According to a nationwide study conducted in 2017, China has an overall 6.8% 
prevalence of PDR.7 The varying prevalence of PDR has been reported in different regions of China, and PDR is 6.1% in 
Beijing,8 13.5% in Tianjin,9 and 17.4% in Shanghai.10

Xi’an (capital of the Shaanxi Province) is an old city in Northwest China, with a population of over 13 million. In 
1992, Xi’an reported its first confirmed HIV type 1 (HIV-1) case, and since then, the total number of documented HIV/ 
AIDS cases had reached 8900 by the end of December 2021, with 900 new cases reported in 2021. Males showed 
a higher incidence of HIV infection, compared to females, while sexual contact was the primary mode of transmission, 
amongst which homosexual transmission accounted for more than half of all new diagnosis.11 Chang et al, 2020 reported 
that the most prevalent subtype strains in Xi’an were circulating recombinant forms (CRF)01_AE and CRF07_BC.11 

However, the present pretreatment HIV drug resistance status in Xi’an is yet unknown. Therefore, this study aimed to 
determine the distribution of the HIV-1 genotype and the prevalence of PDR in the newly-diagnosed ART-naive people in 
Xi’an, China.

Methods
Study Participants and Sample Collection
A cross-sectional, prospective study was conducted between January 2020 and December 2021 at the Xi’an Eighth 
Hospital, which is the only hospital that offered ART and HIV testing support in Xi’an, China. Ethical approval was 
obtained from Xi’an Eighth Hospital’s institutional review board (2019-03), and all the participants were asked to 
provide their written informed consent before enrollment. The study was conducted in accordance with the Declaration of 
Helsinki. The inclusion criteria were as follows: 1) HIV/AIDS diagnosis within 3 months of enrollment; 2) ≥18 years of 
age; 3) ART-naive; 4) provided signed consent for PDR testing. Participants’ demographic information, such as gender, 
age, self-reported transmission, and marital status, was obtained through a questionnaire upon enrollment. The baseline 
plasma viral load and CD4 count were quantified at Xi’an Eighth Hospital. The plasma was separated from the collected 
blood samples within 6 hours, and stored at −80°C for subsequent use.

Extraction, Amplification, and Sequencing of the HIV-1 RNA
HIV-1 RNA was isolated from the plasma samples (200 μL) with the help of the QIAamp Viral RNA Mini kit (QIAGEN, 
Germany) following the instructions provided on the kit. Thereafter, a nested PCR was conducted for amplifying the 1.3 
kb target sequence in the pol gene (which encodes for protease and the initial 300 amino acids of the reverse 
transcriptase). For the first round of PCR, the following primer sequences were used:

Outer forward primer, MAW26: 5′-TTGGAAATGTGGAAAGGAAGGAAGGAC-3′
Outer reverse primer, RT21: 5′-CTGTATTTCTGCTATTAAGTCTTTTGATGGG-3′
For the second round of PCR, the following sequences were used,
Inner forward primer, PRO-1: 5′-CAGAGCCAACAGCCCCACCA-3′
Inner reverse primer, RT20: 5′-CTGCCAGTTCTAGCTCTGCTTC-3′
The amplification cycle for the first PCR round was as follows: Initial denaturation for 5 mins at 94°C, followed by 

30 cycles at 94°C for 30s, at 55°C for 30s, and 72°C for 2.5 mins, and the final extension for 10 mins at 72°C. 
The second PCR reaction was set using the following conditions: Initial denaturation for 5 mins at 94°C, followed by 35 
cycles at 94°C for 30s, at 63°C for 30s, and at 72°C for 2.5 mins, and the final extension for 10 mins at 72°C. Negative 
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controls were used to check for contamination. The direct sequencing primers were designed as per the sequences 
mentioned elsewhere.12 Amplicons were sequenced by KingMed Diagnostics (Xi’an, China).

Sequence and Mutation Analysis
The REGA HIV subtyping tool (version 3.0) was employed for subtyping the various HIV strains13 and the recombinants 
were identified and confirmed using the Recombinant Identification Program version 3.0.14 Furthermore, the Stanford 
HIV Drug Resistance Database, HIVdb (version 9.0) (http://hivdb.stanford.edu/hivdb/by-sequences/), was used for 
determining the drug resistance mutations. The HIV drug resistance mutation level was classified into five categories 
based on genotypic susceptibility: sensitive susceptible (score ranging between 0 and 9), potential low-level resistance 
(scores ranging between 10 and 14), low-level resistance (score ranging between 15 and 29), intermediate resistance 
(score ranging between 30 and 59), and the high-level resistance (scores ≥60), as per the classification listed in the HIBdb 
(https://hivdb.stanford.edu/page/release-notes#resistance.summary). In this study, the low, intermediate, and high-level 
drug resistance sequences were all considered to be resistant.

Statistical Analysis
The data was statistically analyzed using the SPSS software (version 26.0) for Windows (SPSS, Chicago, IL). The Fisher 
exact test or the χ2 test was employed to compare the categorical variables, while the continuous variables were 
compared using the Mann–Whitney U-test. The probable associated factors that were related to at least one PDR 
mutation were identified using the univariate and multivariate logistic regression analyses.

Based on the results, we included the top four HIV-1 subtypes in the multivariable model for post-hoc analysis. The 
statistically significant variables obtained using univariate logistic regression analysis and possible factors influencing 
PDR reported previously, such as CD4 count, viral load, age, and gender, were included and analyzed in the multivariable 
regression model. The strength of the associations was calculated using the odds ratio (OR) and the adjusted OR (aOR) 
values, having a 95% Confidence Interval (95% CI). Every test that was performed was two-tailed, and a significance 
level of p<0.05 was set.

Results
Characteristics of the Study Participants
A total of 333 ART-naive participants were assessed in this study. RNA was successfully isolated from 317 plasma 
samples, and PCR was performed to amplify the pol gene. Table 1 represents the clinical and demographic features of all 
participants. The participants had a median age of 32 years [Interquartile Range (IQR) 27–42]. Male participants (90.9%, 
288/317) were more in number compared to the female participants (9.1%, 29/317). The participants were further divided 
based on marital status, and the results reveal most of the study participants (58.7%) were single, followed by the married 
(30.9%) and divorced (10.4%) participants. Sexual contact was the most common mode of transmission of HIV-1 
infection. Homosexual transmission (65.0%) was higher than heterosexual transmission (34.4%). 0.6% of the participants 
reported injection drug use. Further tests revealed that the participants had a median CD4 count of 288 cells/μL (IQR 
146–470), while their median HIV viral load was recorded to be 66,000 copies/mL (IQR 24,123–143,500). The 
participants were divided based on their PDR status, and the results revealed no significant differences in their clinical 
or demographic characteristics across all groups (p>0.05).

Distribution of HIV-1 Genotypes
The genotyping results revealed that CRF07_BC (51.7%, 164/317) was the most prevailing HIV-1 genotype. It was followed 
by the CRF01_AE (25.9%, 82/317), B (14.2%, 45/317), CRF55_01B (4.7%, 15/317), CRF08_BC (1.3%, 4/317), and 
C (0.6%, 2/317) genotypes. Besides, we determined and identified 4 additional strains as the other CRFs, CRF67_01B (0.6%, 
2/317), CRF59_01B (0.3%, 1/317), and CRF68_01B (0.3%, 1/317). Here, one sequence (0.3%) was identified as a unique 
recombinant form since it was not clustered with the available reference sequences. Further analysis revealed that 
CRF67_01B/CRF68_01B was the most likely recombinant form. The distribution of genotypes is shown in Figure 1.
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Prevalence of PDR Mutations
The results depicted in Figure 2 showed that the overall prevalence of the PDR mutations in the ART-naive HIV- 
1-infected participants was 18.3% (58/317). Most of these variants (84.5%, 49/58) were single-class mutations. The 
prevalence of the non-nucleoside reverse transcriptase inhibitor (NNRTI)-resistant mutation was 16.1% (51/317), NRTI- 
resistant mutation was 4.4% (14/317), and the prevalence of the protease inhibitor (PI)-resistant mutation was seen to be 
0.9% (3/317).

Furthermore, seven variants (2.2%, 7/317) harbored mutations associated with both NRTI and NNRTI, and one 
variant (0.3%, 1/317) harbored NNRTI and PI-associated mutations. One variant (0.3%, 1/317) harbored mutations 
associated with all three types of drugs (NRTI, NNRTI, and PI).

In ART-naive HIV-1-infected participants, 22 mutation patterns were associated with NNRTIs, 14 mutation patterns 
were associated with NRTIs, and six mutation patterns were associated with PI. The most common NNRTI-associated 
mutation pattern in ART-naive HIV-1-infected participants was V179D and V179E (both were 4.4%, 14/317), followed 

Table 1 Demographic and Clinical Characteristics Based on PDR Status

Total (n = 317) PDR (n = 58) No PDR (n = 259) P

Age (years) 32 (27–42) 32 (27–42) 33 (29–40) 0.513

<30 113 (35.6) 98 (37.8) 15 (25.9)

30–49 153 (48.3) 116 (44.8) 37 (63.8)

≥50 51 (16.1) 45 (17.4) 6 (10.3)

Gender 0.157

Male 288 (90.9) 232 (89.6) 56 (96.6)

Female 29 (9.1) 27 (10.4) 2 (3.4)

Marital status 0.862

Single 186 (58.7) 152 (58.7) 34 (58.6)

Married 98 (30.9) 79 (30.5) 19 (32.8)

Divorced 33 (10.4) 28 (10.8) 5 (8.6)

Self-reported risk factor 0.226

Homosexual 206 (65.0) 163 (62.9) 43 (74.1)

Heterosexual 109 (34.4) 94 (36.3) 15 (25.9)

IDU 2 (0.6) 2 (0.8) 0 (0)

CD4 count (cells/μL) 288 (146–470) 307 (155–473) 200 (104–427) 0.087

<200 118 (37.2) 90 (34.7) 28 (48.3)

200–499 128 (40.4) 111 (42.9) 17 (29.3)

≥500 71 (22.4) 58 (22.4) 13 (22.4)

Viral load (copies/mL) 66,000 (24,123–143,500) 65,900 (22,800–146,000) 69,425 (27,688–142,250) 0.815

≤10,000 39 (12.3) 31 (12) 8 (13.8)

10,001–100,000 162 (51.1) 132 (51) 30 (51.7)

≥100,001 116 (36.6) 96 (37.1) 20 (34.5)

Abbreviations: PDR, pretreatment drug resistance; IDU, injecting drug users.
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by K103N (2.2%, 7/317), V106I (0.9%, 3/317) and V106VI (0.9%, 3/317). The most predominant NRTI-associated 
mutations in ART-naive HIV-1-infected participants were K65R (1.3%, 4/317) and M184V (1.3%, 4/317), followed by 
A62AV (0.6%, 2/317), L210W (0.6%, 2/317), and Y115F (0.6%, 2/317). Six major PI associated mutation found in three 
ART-naive HIV-1-infected participants were I50V (0.3%, 1/317), I54V (0.3%, 1/317), L90M (0.3%, 1/317), M46I (0.3%, 
1/317), M46L (0.3%, 1/317), and V82A (0.3%, 1/317). Furthermore, most resistant strains (79.3%, 46/58) harbored 
a single mutation; the remaining resistant strains (1.9%, 6/317) harbored multiple (≥3) mutation patterns, as shown in 
Figure 2.

Resistance Level to Different ART Drugs
For analyzing the HIV-1 resistance to various ART drugs, we tested a total of 15 commonly utilized ART drugs, 
namely tenofovir disoproxil fumarate (TDF), didanosine (DDI), stavudine (D4T), abacavir (ABC), zidovudine (AZT), 

Figure 1 HIV-1 genotype distribution amongst the newly-diagnosed HIV/ AIDS patients in Xi’an, China.

Figure 2 Prevalence of pretreatment drug resistance mutations by the site. 
Abbreviations: PDR, pretreatment drug resistance; NRTI, nucleoside reverse-transcriptase inhibitor; NNRTI, non-NRTI; PI, protease inhibitor.
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lamivudine (3TC), and emtricitabine (FTC) for NRTI, efavirenz (EFV), rilpivirine (RPV), doravirine (DOR), nevir
apine (NVP), and etravirine (ETR) for NNRTI, atazanavir/ ritonavir (ATV/r), darunavir/ ritonavir (DRV/r) and 
lopinavir/ ritonavir (LPV/r) for PI. Table 2 represents a detailed description of the resistance level according to anchor 
antiretroviral drugs.

Twelve participants showed drug resistance to NRTI, 8 (2.5%) participants showed resistance against ABC, 3 
(0.9%) participants showed resistance against AZT, 9 (2.8%) participants showed resistance against D4T, 7 (2.2%) 
participants showed resistance against DDI, 7 (2.2%) participants showed resistance against 3TC, 7 (2.2%) 
participants showed resistance against FTC, and 6 (1.9%) participants had resistance against TDF.

For NNRTI, NVP displayed the highest resistance frequency (5.7%, 18/317), followed by EFV (5.0%, 16/317), 
RPV (3.5%, 11/317), DOR (2.8%, 9/317), and ETR (1.9%, 6/317). However, a substantial number of these 
participants generated potential low-level resistance (11.0%, 35/317) to NNR; hence, this trend cannot be 
disregarded.

Three participants showed resistance to PI, including 2 (0.6%) participants who were resistant to ATV/r, 2 (0.6%) 
participants who were resistant to LPV/r, and 1 (0.3%) participant to DRV/r.

Table 2 Resistance Levels to Individual Antiretroviral Drugs Among ART-Naive Participants

High-Level Intermediate-Level Low-Level Potential Low-Level Drug Resistance

NRTI

ABC 3 (0.9) 2 (0.6) 3 (0.9) 0 8 (2.5)

AZT 0 0 3 (0.9) 1 (0.3) 3 (0.9)

D4T 3 (0.9) 2 (0.6) 4 (1.3) 1 (0.3) 9 (2.8)

DDI 4 (1.3) 2 (0.6) 1 (0.3) 5 (1.6) 7 (2.2)

FTC 4 (1.3) 3 (0.9) 0 1 (0.3) 7 (2.2)

3TC 4 (1.3) 3 (0.9) 0 1 (0.3) 7 (2.2)

TDF 3 (0.9) 1 (0.3) 2 (0.6) 0 6 (1.9)

NNRTI

DOR 1 (0.3) 6 (1.9) 2 (0.6) 6 (1.9) 9 (2.8)

EFV 14 (4.4) 1 (0.3) 1 (0.3) 30 (9.5) 16 (5.0)

ETR 1 (0.3) 3 (0.9) 2 (0.6) 36 (11.4) 6 (1.9)

NVP 15 (4.7) 0 3 (0.9) 32 (10.1) 18 (5.7)

RPV 4 (1.3) 2 (0.6) 5 (1.6) 33 (10.4) 11 (3.5)

PI

ATV/r 1 (0.3) 0 1 (0.3) 1 (0.3) 2 (0.6)

DRV/r 0 1 (0.3) 0 0 1 (0.3)

LPV/r 1 (0.3) 0 1 (0.3) 1 (0.3) 2 (0.6)

Notes: Data expressed as n (%). Calculated using the Stanford HIVdb Algorithm v9.0. Drug resistance=high-level resistance + 
intermediate-level resistance + low-level resistance. 
Abbreviations: ART, antiretroviral therapy; NRTI, nucleoside reverse-transcriptase inhibitor; NNRTI, non-nucleoside reverse- 
transcriptase inhibitor; PI, protease inhibitor; ABC, abacavir; AZT, zidovudine; D4T, stavudine; DDI, didanosine; FTC, emtricitabine; 
3TC, lamivudine; TDF, tenofovir disoproxil fumarate; DOR, doravirine; EFV, efavirenz; ETR, etravirine; NVP, nevirapine; RPV, rilpivirine; 
ATV/r, atazanavir/ritonavir; DRV/r, darunavir/ritonavir; LPV/r, lopinavir/ritonavir.
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Predicting Factors Associated with Pretreatment Drug Resistance Mutations
Some of the factors that were independently related to the increased risk of PDR mutation, included the genotypes such 
as CRF01_AE (aOR 3.15, 95% CI 1.51–6.57, p=0.002) and CRF55_01B (aOR 32.41, 95% CI 8.02–130.95, p<0.001; 
Table 3). No differences in age, gender, CD4 count, marital status, viral load, and the self-reported risk factors, were 
found in patients harboring/not harboring at least one PDR.

Discussion
This study revealed that the most prevalent HIV-1 genotype in Xi’an was CRF07_BC (51.7%), followed by CRF01_AE 
(25.9%) and B (14.2%). PDR was prevalent in 18.3% of newly diagnosed HIV/AIDS antiretroviral-naive participants in 
Xi’an. The prevalence of PDR mutations in NNRTIs (16.1%) was significantly higher than that in NRTIs (4.4%) and PIs 
(0.9%). Furthermore, 48.3% (28/58) of the mutation HIV-1 strains were attributed to V179D/E as potential low-level 
NNRTI resistance. Moreover, CRF01_AE and CRF55_01B strains were independently associated with at least one PDR.

Our data indicated that the CRF07_BC and the CRF01_AE genotypes were the most prevalent in Xi’an. These 
findings were consistent with results from Tianjin, Shanghai, Beijing, Shenzhen, and other Chinese regions.7–10,15,16 The 
CRF07_BC is a juvenile HIV strain that accounts for 39.7% of all cases and was first seen in injection drug users in 
China.17 CRF07_BC has distinct traits different from its parent strain (subtypes B and C).18 The reasons for the 

Table 3 Factors Associated with Drug Resistance Mutations

Univariable Multivariable

Variables OR (95% CI) P aOR (95% CI) P

Age (years) 0.99 (0.97–1.02) 0.802 1.01 (0.97–1.04) 0.741

CD4 count (cells/μL) 0.99 (0.99–1.00) 0.250 0.99 (0.99–1.00) 0.196

Viral load (copies/mL) 1.00 (1.00–1.00) 0.253 1.00 (1.00–1.00) 0.193

Gender

Male Ref Ref Ref Ref

Female 0.31 (0.071–1.33) 0.114 0.37 (0.08–1.84) 0.226

Marital status

Single Ref Ref Ref Ref

Married 1.08 (0.58–2.01) 0.820 1.43 (0.54–3.82) 0.475

Divorced 0.80 (0.287–2.22) 0.666 0.67 (0.18–2.43) 0.540

Self-reported risk factor

Homosexual Ref Ref Ref Ref

Heterosexual 0.61 (0.32–1.15) 0.124 0.73 (0.32–1.70) 0.472

HIV-1 subtype

CRF07_BC Ref Ref Ref Ref

CRF01_AE 3.21 (1.57–6.56) 0.001 3.15 (1.51–6.57) 0.002

B 2.01 (0.80–5.06) 0.137 1.92 (0.75–4.89) 0.175

CRF55_01B 37.25 (9.51–146.04) <0.001 32.41 (8.02–130.95) <0.001

Others 1.04 (0.12–8.70) 0.975 1.01 (0.12–8.79) 0.991

Abbreviations: OR, odds ratio; aOR, adjusted odds ratio; CI, confidence interval; CRF, circulating recom
binant form.
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predominance of recombinant forms over parent subtypes in many regions of China could be attributed to its huge 
population, higher rate of sexual transmission, and the mass migration from one region to another in the country, all of 
which may contribute to a higher rate of HIV infection and cross-infection in the Chinese population.

The standard first-line ART regimen for HIV-infected adults in China is TDF/AZT+3TC+EFV/NVP.2 TDF or EFV if 
there are no contraindications. The second-line treatment suggested by the HIV treatment guidelines substitutes protease 
inhibitors (LPV/r) for NNRTI. According to our findings, the PDR mutation frequency in NNRTI was significantly 
higher than that in NRTI and PI among the ART-naive HIV-1-infected participants in Xi’an, thereby highlighting the 
importance of including PDR testing before treatment. According to the WHO’s updated guidelines related to the public 
health response to PDR, in countries that show a national PDR mutation frequency for NNRTI >10%, the first-line 
antiretroviral regimen should be modified from NNRTI to the non-NNRTI drugs, including integrase inhibitors 
[INSTI]).19 Hence, a PI/INSTI-based regimen could be regarded as an excellent first-line treatment for newly diagnosed 
HIV/AIDS patients in Xi’an.

PDR incidence in our study could primarily be caused by the NNRTI resistance mutation V179D/E (8.8%), which 
could decrease their resistance to NNRTIs such as RPV, EFV, ETR, and NVP.20 While a single polymorphic mutation 
may not significantly reduce susceptibility, combining two NNRTI-associated mutations can dramatically increase drug 
resistance.21 Additional research is needed to determine if this single mutation may cause the first-line therapy to fail; 
however, the high prevalence of single mutations is a cause for concern. Interestingly, NNRTI mutation V179E was 
discovered in most (80%, 12/15) participants infected with the CRF55_01B strain, confirming that naturally existing 
HIV-1 genetic diversity plays a crucial role in drug resistance.22 Taking effective measures to limit the CRF55_01B 
transmission is the need of the hour.23,24 Other dominant NNRTI variants besides V179D/E were K03N and V106I. Both 
K103N and V106I mutations result in decreased sensitivity to NNRTIs. The K103N mutation is one of the most common 
NNRTI mutations in China.7,25 It is a long-lasting intra-host persistent mutation that reduces susceptibility EFV by 20- 
fold and NVP by 50-fold.20,26 Baseline HIV drug resistance has been linked to virological failure and it increases the risk 
of failure on regimen switch in previous studies.27–29 Consequently, pretreatment of HIV drug resistance in Xi’an calls 
for change in diagnosis and treatment regimen to prevent the further transmission of resistant viruses.

In this study, we have shown that the HIV-1 genotype could be a probable factor that determined the PDR. Strains 
with the CRF01_AE and CRF55_01B genotype were more susceptible to harboring PDR. Previous studies have shown 
genotypes B and C are linked with an elevated likelihood of resistance.9,10 Additional research is required to understand 
the discrepancies in the results. Further, the study’s sample size is relatively small to draw conclusions; hence, we need to 
reproduce the study in a larger population to corroborate these findings.

Despite the promising results, the study has a few limitations. The small sample size would end up in a lack of 
precision or an inability to assess association in the model due to insufficient statistical power. Further, the resistance 
testing for INSTI was not conducted as part of this investigation. Given the rising prevalence of INSTI in China, it 
becomes essential to investigate the impact of HIV drug resistance on INSTI. Lastly, no follow-up was conducted, which 
prevented us from thoroughly evaluating the clinical outcomes of the participants, therefore unable to draw any causal 
link given the cross-sectional nature of the study.

Conclusion
Our study provides insights into the molecular epidemiological features of HIV-1 and the prevalence of PDR among 
newly-diagnosed treatment-naive patients in Xi’an, China. A high percentage of participants harbored the resistant virus 
strains. The identified mutations had a low degree of drug resistance or remained susceptible to NRTI and PI, but not to 
NNRTI, which is freely provided by the Chinese free HIV ART program. As a result, it is mandatory to include regular 
baseline genotypic resistance testing is critical in Xi’an. These findings may help optimize the first and second-line 
antiretroviral regimens for PLWH in various Chinese regions.
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